Abstract Between 1972 and 1993, 19 patients (15 males and 4 females) with bronchopleural fistulae and pleural empyema after pneumonectomy were treated with transsternal transpericardial operations and closure of the fistula. The underlying malignant disease was a non-small cell carcinoma in 12, a malignant epithelial mesothelioma in two, and an atypical carcinoid tumor in one case. One patient each presented with tuberculosis, chest trauma, and lung destroyed by bronchiectasis. Fistulas affected the right bronchial stump in 17, and the left in 2, cases after pneumonectomy. The time between pneumonectomy and transsternal transpericardial operation ranged between 1 month and 4 years. All patients were submitted to drainage and irrigation of the empyema cavity (2-4 weeks). In 16 patients a long bronchial stump was sutured or stapled, in three cases resection of a short stump with the distal trachea was followed by anastomosis of the trachea and left main stem bronchus. Irrigation of the pneumonectomy cavity was continued in all patients for 2 weeks. Transsternal transpericardial operation was successful inl5 patients. Two patients died in the first 30 days, of renal or respiratory failure without fistula recurrence. In two cases the fistula recurred; definitive healing was achieved using a great omentum flap and endoscopic application of fibrin glue and bone spongiosa. Transsternal transpericardial management of bronchus stump fistula after pneumonectomy is highly effective and offers advantages over the direct approach through the infected empyema cavity. [Eur J Cardio-thorac Surg (1996) 10: 83-86] 
Introduction
The occurrence of a bronchopleural fistula (BPF) after pneumonectomy is an infrequent but severe complication accompanied by a high morbidity and mortality. In the early postoperative phase and up to 2 weeks after lung resection, immediate operation through the pneumonectomy cavity with re-resection and reclosure of the stump is the recommended surgical procedure. However, the management of chronic BPF and empyema has been a subject of controversy. Both the time of reintervention and the type of surgical technique reported by various authors differ [2, 7, 8] . No technique can be applied to all patients and, even for similar defects, an individual treatment plan must be made. Surgical interventions include repeat thoracotomy, open window thoracostomy, plastic procedures uring myovascular flaps or omentum, as well as complete thoracoplasty. The main disadvantage of these methods is the access via the infected pneumonectomy cavity and a long period of hospitalization. Bronchoscopic cauterization of the fistula, application of fibrin glue and bone spongiosa are only effective in a limited number of patients and are accompanied by a high percentage of relapses [18, 21] .
To avoid surgery through an infected pneumonectomy cavity, Padhi and Lynn [15] proposed an extrapleural, and Abruzzim [1] a transsternal transpericardial, approach in 1960 and 1961, respectively. Since 1972 we have applied the technique as described by Abruzzini m 16 patients with long bronchial stumps after pneumonectomy. In three other cases, with short stumps and strictures of the trachea, this approach was extended by a resection of the carina and anastomosis of the distal trachea with the main bronchus of the remaining lung. In this study we review the indication for surgery and the early and long-term results of transsternal transpericardial closures of BPF in patients with postpneumonectomy empyema.
Materials and methods
Between 1972 and 1993, 19 patients with a chronic BPF and associated empyema after pneumonectomy were treated with a transsternal, transpencardial approach. Fifteen patients were males and four females, the age ranged from 25 to 70 years (average 51 years). With the exception of three patients submitted to pulmonary resection for chest trauma (one patient), tuberculosis (one patient) and lung destroyed by bronchiectasls (one patient), the remaining 16 patients underwent surgery for malignant disease One patient had an atypical carcinoid tumor. 12 suffered from primary non-small cell bronchial carcinoma, one from small cell carcinoma, and two from malignant epithelial mesothelioma The fistulas affected the right bronchial stump in 17 and the left in two cases, respectively. All patients were submitted to drainage and long-term irrigation of the empyema cavity There were no patients with open window thoracostomy. Preoperative bronchoscopy for evaluation of the length and diameter of the open bronchial stumpf was carried out in all patients. The time between pneumonectomy and transsternal transpericardial procedure ranged between 1 month and 4 years. All patients were submitted to drainage and irrigation of the empyema cavity for 2-4 weeks. The operation was performed after the first sterile bacterial culture from the empyema cavity. Successful intraoperanve ventllanon included long single tubes inserted into the remaining left or right main bronchus; occasionally high frequency jet ventilation was used additionally.
Particularly in cases with a chronic course of BPF, assessment of the length of the bronchial stump can be obscured by peribronchial granulomatous tissue. This may lead to a false estimation of the length of the remaining bronchial stump and, thus, to an incorrect ~urglcal approach In the technique described by Abruzzini, the thorax is opened via a median sternotomy. An access route is created by mobilization of the superior vena cava and the aorta. In patients after right pneumonectomy, the stump of the right pulmonary artery is re-resected to allow more satisfactory exposure, this measure is largely superfluous on the left. The posterior pericardium is longitudinally opened, so that satisfactory exposure of the distal trachea and bifurcation is possible. The treatment of the open stump consists m its mobilization, mechanical or manual closure and division at the level of the carina Common automanc staplers proved to be excellent for this purpose. Mediastlnal shift, specially after left pneumonectomy, can make the exposure of the left bronchial stump difficult. In these case complete mobilization of the ascending aorta and pulmonary truncus, and subsequent access left of the ascending aorta can be helpful. The distal part of the stump is left in place and has to be closed with interrupted 2/0 or 3/0 absorbable sutures. Reinforcement with autologous tissue such as pericardmm, muscle Hap or omentum flap is possible but not necessary. After irrigation with saline solution and retrosternal placement of a tube CH 24, the sternum and wound is closed as usual.
Irrigation of the pneumonectomy cavity was continued in all patients for 2 weeks after transperlcardial closure of the stump. Repeated bacteriological specimens were taken to document the sterihzation of the cavity and the efficacy of this technique.
Results
Major intraoperative complications were not observed. In seven patients a decrease is systolic arterial pressure occurred during the temporary displacement of the ascending aorta. After releasing the tension, blood pressure normahzed quickly. To enable further exposure and mobilization of the residual bronchial stump, the re-resection of the ipsilateral pulmonary artery was necessary after rightsided pneumonectomy in all cases. In 11 patients mechanical staplers were used, in six the pulmonary artery stump was closed with a running non-absorbable 4/0 Prolene suture. In 16 patients the bronchial stump was sutured or stapled at the carinal/tracheal level and then divided. After the division, the distal end was carefully closed with 2/0 or 3/0 Vicryl sutures. In three cases with short bronchial stumps and strictures of the distal trachea, resection of the stump and the distal trachea followed by anastomosis of the trachea and left main bronchus was necessary. Vascularized tissue, such as pericardium, thymus flap or omenturn pedlcle, was not used to cover the reclosed bronchus or the anastomosis. Two patients died during the immediate postoperative period (30 days) (patients PH and BW, Table 1 ). In the first patient renal failure was identified as the cause of death. The second patient developed an oesophagopleural fistula, however without any sign of relapse of the bronchial fistula, and consecutively died of respiratory failure. Disorders associated with an insufficiency of the stapled reclosed bronchus stump and recurrence of the fistula in the early postoperative course were seen in two patients (patients SR and HB, Table 1 ). One patient required re-intubation due to respiratory failure caused by pneumonia. The second stump dehiscence occurred after extended pneumonectomy and pericard resection for nonsmall cell lung cancer (NSCLC). We postulate that the resection of pericardium and pleura minimize the advantages normally afforded by the transsternal access. Definitive healing was achieved using a great omentum flap in the first case. The second patient benefited from endoscopic application of fibrin glue and bone spongiosa. All but one patient with non-malignant disease are alive 3-18 years after bronchial closure, six patients with malignant disease died of tumor progression 2-6 years later. [ 17] used the transsternal transpericardial closure for treatment of bronchopleural fistulas after pneumonectomy for tuberculosis. The advantages offered by this technique are evident the stump fistula is treated without having to open the empyema cavity, allowing the surgeon to operate in an aseptic environment. Compared to the contralateral extrapleural approach for the closure of stump fistulas after leftsided pneumonectomy, as proposed by Perelman [17] and implemented by Maassen [ 11 ] and Hoffmann [9] , the transsternal procedure interferes less with the ventilation of the residual lung. The successful treatment of BPF after pneumonectomy and accompanying pleural empyema includes general measures before surgery. Various factors influence the course of the disease. These include the nature of the primary disease, associated diseases, length of the bronchial stump, loss of organ contours through fibrous tissue, the possibility of aspiration and its complications, formation of a pleural peel and osteomyelitis of the ribs.
Debilitated patients are predisposed for these complications. Improvement of the often bad nutritional status is the basis of success. Mobilization of the patient and intensive physiotherapy by skilled personnel, according to the patient's needs, is an important part of the therapy. Associated pulmonary diseases like chronic obstructive pulmonary disease and emphysema need to be treated with appropriate drugs and inhalation therapy. Other accompanying diseases need to be treated accordingly. Repeated specimens for bacterial examinations must be taken from the pneumonectomy cavity and specific antibiotic treatment instituted, if necessary. Prior to surgery the pneumonectomy cavity needs to be drained by a chest tube, and rinsed and cleaned with normal saline solution or povidoneiodine daily.
A preoperative bronchoscopic inspection of the size and length of the bronchial stump as well as its course is necessary. If the stump is shorter than 1 cm, a direct closure is improbable. In this case resection of the bronchial stump and carina and anastomosis of the distal trachea with the left main bronchus should be considered. The positive postoperative courses in three cases confirm our intention to extend the indication of the transpericardial transsternal approach to this group of patients.
The detection of residual cancerous tissue is a contraindication for the Abruzzini procedure [12] . If malignant cells are detected at the resection borders of the bronchial stump, only a resection of the carina should be taken into consideration.
Various techniques of anesthesia have been described for this procedure. We preferred the use of a long endotracheal tube to ventilate the contralateral lung. During suturing of the anastomosis, high frequency jet ventilation facilitated and accelerated the operation. Exposure of the right main-stem bronchus was always facilitated by ligature and reamputation of the right main pulmonary artery.
With increasing experience, left main bronchus stumps were also treated via the classic route, i.e. after retraction of the superior vena cava and ascending aorta. In some instances with extreme shifts of the mediastinum after left pneumonectomy, the access left of the ascending aorta, as proposed by DeMeester [5] and Nohl-Oser [14] , has theoretical advantages, allowing a more direct approach to the left main bronchus. In the last few years, we have increasingly adopted mechanical stapling for closure of the bronchial stump with good results and no evidence of recurrent fistulas. After division of the stapled proximal part, we invariably proceeded to suture the distal part of the bronchial stump. Because of the failures described [8] we have never used the so-called continuity closure technique without division. Contrary to Ginsberg's recommendation, for the distal remnant stump, to perform an excision or mucosa obliteration [6] , we left the distal stump in place after its closure. We are convinced that its elimination facilitates re-formation of the fistula tract communicating with the cavity. Leaving the closed distal part of the stump as a second security zone in the case of failure is recommended by Bogusch [3] . Once the proximal stump has been closed, reinforcement with well vascularized tissue, mobilized pericardium, thymus, or omentum flap can be helpful [6, 10, 11] . Unlike other authors [4, 16, 22] we did not systematically use thoracoplasty or other types of thoracic muscle patches in the treatment of the residual pneumonectomy cavities.
The technique of transsternal transpericardial management of bronchus stump fistulas after pneumonectomy is highly effective and advantageous in comparison to the direct approach through the infected pneumonectomy cavity. If BPF recurs, despite this approach the remaining therapeutic options are open window thoracostomy with secondary omentopexy or muscle transposition [13, 19] , and finally tailored or complete thoracoplasty [20] .
